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EXECUTIVE SUMMARY

Recent studies have shown that aggregates are potentially in short
supply over about one-third of the US; southern Iowa is included in these
areas. Among the most effective approaches to the alleviation of the
aggregate shortage problems are: (a) better utilization of locally
available aggregates, (b) expanded use of marginal materials (including
better materials evaluation and specifications), and (¢) the benefaction
of otherwise unsuitable materials, These have been the ultimate goals
of this project, with respect to absorptive aggregates.

In this study, the asphalt absorption of six Iowa limestones were
investigated. It was found that the most important factors that determined
the nature, amount, and rate of asphalt absorption are porosity and pore-
size distribution of the aggregate, viscosity of the asphalt, and time.
Methods needed to determine the realistic maximum and minimum asphalt
absorption by aggregates are recommended. Simple methods of asphalt
absorption were developed. Since the most important factor that determines
the accuracy of asphalt absorption is the bulk specific gravity of
aggregates and since the current ASTM method is not adequate in this respect,
several new methods were developed. Preliminary treatment studies for the
purpose of upgrading absorptive aggregates were conducted using close
to 40 chemicals. The improvements of some of these treatments on the
mixture properties were demonstrated.

In order for the information generated by this research to be used
by the highway engineer to judge the suitability of aggregates and to
upgrade the unsuitable or marginal aggregates with respect to asphalt

absorption, further research areas have been recommended.
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INTRODUCTION

A long-range comprehensive research project entitled "Absorptive

" was initiated in 1966 on

Aggregates in Asphalt Paving Mixtures,
_evaluation and use of absorptive aggregates for asphalt paving mixtures.

The overall objectives of the study are:

e To evaluate existing methods and develop new methods for determining
the absorption of asphalt by road aggregates by both quantitative
and qualitative methods.

e To correlate basic chemicél and physical propérties with the
absorption characteristics of aggregates with respect to asphalt,
and to identify parameters that are indicative of the absorptive
characteristics of aggregates.

® To evaluate the effects of asphalt absorption by aggregate
on asphalt, aggregate, and the asphalt mixtures.

e To establish criteria and tests for identifying, classifying,
and specifying aggregates used in asphalt mixtures with respect
to asphalt absorption.

e To develop methods and remedies for utilizing absorptive
aggregates in asphalt paving mixtures economically without
sacrificing durability and stability of the mixture.

Project HR-127 (1966-1967) was designed to study the first two

phases of the overall objectives and, to a limited extent, the third
objective. Project HR-142 (1968-1970) was initiated to study the third,

fourth, and fifth objectives. This report summarizes the work accomplished

in HR-142.
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This report is intended to be a detaiied summary of the research
perfofmed in HR-142. Whenever possible, the work accomplished will be
summarized and all pertinent data will be inecluded, especially for the
part since HR-142 Progress Report No. 1, (Janaury 1970). For further
details, reference to the various theses ahd publications and previous
reports will be made (Appendix A). For clarity, some reference will be
made to work performed in HR-127,

The subject matter is organized and presented in the following areas:

® Aggregate studies

e Absorption studies

e Treatment studies

¢ Summary and conclusions

e Recommendations



AGGREGATE STUDIES

Agpregates Studied

Six limestone aggregates were studied from quarries selected by
Iowa State Highway Commission engineers. The sources and designations
of the aggregates are given in Table 1. The locations of the quarries
are shown in Fig. 1.

Four of the aggregates (Menlo quarry, Adair Co.; Linwood quarry,
Scott Co.; Cook quarry, Story Co.; and Keota quarry, Washington Co.) were
also studied in HR-127. Limestones from Alden quarry, Hardin County, and
Pints quarry, Black Hawk County, are included because of their known service
performance records as concrete aggregates. In addition to crushed aggregates
from 3/8 - 1 in, size, two "'block stones'' were obtained from all six
quarries for preparation of geometrically symmetrical rock cylinders.

Chemical compositions of rocks, both quarry-crushed fractions and
laboratory-cored block samples, were determined by the EDTA method.1
Classification of aggregates was based on Pettijohn's system of classifying
carbonate rodks.2

Aggregate from Alden is a white-to-cream limestone (977 calcite) with
dense, medium-to-coarse-grained texture of rounded white fragments cemented
with cream (possibly clastic origin). There are significant differences
among quarry-crushed Keota aggregates and two block samples. Quarry Keota
and block sample No. 2 (KII) were tan-to-buff, very porous, and fine-
grained with some wvugs and fractures, and were classified as calcitic dolemites
to dolomitic limestones. Keota block sample No., 1 (KI), on the other hand,
was a white-to-light grey, dense, medium-textured magnesium limestone (92%

calcite). The Cook quarry aggregate is a dolomitic limestone, tan-to-buff,



Table 1. Limestone aggregates studied

Beds
Size, or
# County Quarry in, ledges Geological formation
1-s  Adair Menlo 3/8 3-6-Argentine Missourian series
1-L Pennsylvania system
2 Blackhawk  Pints 3/4 Rapid Cedar Valley formation,
‘Devonian system
3-8 Hardin Alden 3/8 - Gilmore City formation,
3-L Mississippian age
4 Scott Linwood 1/2 Davenport Devonian system
5-§ Story Cook 3/8 - St. Louis formation,
5-L Mississippian series
6 Washington Keota 1 Beds 14 — 22 Osage series,
Mississippian age
ALDEN * PINTS
COOK ®
LINWOOD
MENLO N
KECTA

Fig., 1. Project HR-142 aggregate quarry locations



dense, fine-grained, some fractures lined with secondary carbonate. Aggre-
gates from Linwood quarry are magnesium limestone to limestone, mottled
grey-to-tan; dense, lithographic, small (X1 mm) inclusions of coarse-grained
carbonate and some fractures filled with secondary carbonate, sowme vugs not
filled with secondary minerals. Menlo aggregates are magnesium limestones
and are tan to grey, dense, lithographic, but with inclusions (up to 1 cm
along longest axis) of coarse~grained calcite (may be fossil replacement).
The Pints aggregate is an argillaceous calcitic dolomite (46 - 49% calcite)
with scattéred chert nodules, grey color and dense, fine-graimed, fairly
uniform texture. The dolomite has a dirty appearance caused by numerous
tiny inclusioms.

Chemical compositions of rocks studied are given in Table 2. Bulk
spécific gravity and effective porosity of coarse fractions and core samples
are given in Table 3.

The crushed aggregates were separated by 3/8 in., #4, and #100 sieves,
washed and oven dried at 110°C for 24 hr before any tests were conducted,

Various fractions were designated as follows:

A — Retained on 3/8 in. sieve

B — Passing 3/8 in. and retained on #4 sieve

C — Passing #4 sieve and retained on #100 sieve
D — Passing #100 sieve
D1 — Passing #100 sieve and retained on #200 sieve

In certain phases of the present study, such as the pore characteristics
of the aggregate and time-absorption studies, it was decided to use rock
cores (1/2 and 1 in, diameters) drilled from stome blocks received from the

respective quarries, This was done to have consistent and comparable results



Table 2. Chemical Composition of Rocks

Size, % CaCo % MgCo

Code Quarry in. 3 3 7% Insoluble Total
Crushed Aggregate
1LA Menlo 3/8 94,64 1.18 3.16 98,98
1LB Menlo #4-3/8 92.12 1.50 3.95 97.57
188 Menlo #4-3/8 90.43 1.18 4.83 96 .44
24 Pints 3/8 + 47.55 31.74 16.34 95.63
2B Pints #4=3/8 46.16 33.98 17,23 97.37
3LA Alden 3/8 + 98,05 0.46 0.41 98.92
LB Alden ##&-3/8 97.65 0.70 Q.86 99.21
3SB Alden #4-3/8 97,00 1.41 0.43 99.34
4A Linwood 3/8 + 97.16 0.00 1.42 93.58
4B Linwood #4=-3/8 95.13 1,00 2,58 98.71
5LA Cook 3/8 + 58.66 32,22 6.39 97.27
5LB Cook #4-3/8 54 .45 35,05 7.58 97.08
58B Cook #4-3/8 54.58 35.63 6,54 96.75
6A Keota 3/8 + 42,16 39,04 24,15 105,35
6B Keota #t4-3/8 48,15 38.23 12,69 99,07

Block Sample

1 Menlo - 94 .45 .60 2,97 99.02
2 Pints - 49,24 34,01 15.20 98,45
3 Alden - 97.01 0.36 1.21 98,22
4 Linwood - 95.41 1.13 2,19 98.73
5 Cook — 56.57 33,87 8,08 98.52
6 Keota - 96.62 0.19 2.15 08.98

KI 91.99 5.76 3.84 101,59

KII 52.96 43,69 4,87 101,52

X (A2) 98.03 3.50 0.46 101.99




Table 3. Effective porosity of aggregates studied

Bulk
Specific Effective porosity, %
gravity 24 hr Vacuum Mercury
Quarry Aggregate # (ATTM)  soaked saturation penetration
Menlo 1-5-B 2.567 4,95 4.90 1.94
l-L-A 2.613 3.08 ' 3.84 ]-.95
1-L-B 2,603 3.64 4,22 1.02
Core 2.637 2.37 - 0.98
Pints 2-A 2.348 15.40 16.91 11.84
2-B 2.333 17.06 17.80 11.81
Core 2.271 16.40 - 16,88
Alden 3-5-B 2.475 7.35 8.44 8.24
3"‘L"A 20517 4.88 7.10 6.46
3-1.-B 2.508 5.80 7.55 6.33
Core 2.510 4.32 - 9.60
Linwood bL=p 2.613 3.72 4,26 2.78
4-B 2.582 4,29 4,47 2,30
Core 2,636 2.37 - 0.90
Cook 5-8-B 2,397 14,33 17.74 10,66
5-L~A 2.426 10,33 13.73 11.54
5-L-B 2,408 13,00 14 .04 11,42
Core 2.465 9.56 - 17.44
Keota 6-A 2.326 12.98 16.47 10.50
6-B 2,303 12,68 19,19 14,77

Core . 2.489 7.77 - 4.66




in studying pore characteristics and asphalt absorption, and for the
following reasons:

e Aggregates obtained from stone crushers have variable characteristics
both in composition and texture and camnot be depended upon for
delicate treatment of analysis of pore characteristies. Rock
cores being from one stone block are more likely to be homogeneous
and uniform, and correlation between absorption and pore characteristics
can be more realistic.

e Rock cores or cylinders allow uniform drying of surface for
saturated surface dry condition in ASTM test (C-127-59) for
determination of bulk specific gravity and thus give reproducible
results to be used in immersion method and bulk-impregnated specific
gravity methods for calculating asphalt absorption.

e Due to the same surface texture of drilled cores, mercury porosimetry
and absorption results are comparable.

@ Chances of inclusion of air bubbles in asphalt are comsiderably
reduced by adding cores one by ome, which utilizes bulk-impregnated
specific gravity.

¢ In case of immersion tests, the drainiﬁg of asphalt from rock cores
is more uniform than aggregates with varying surface texture and
shapes.

It may be mentioned that cores were drilled out so as to have their
longitudinal axis at right angles to the natural bedding planes to keep
uniformity. |

Hereinafter, the cores shall be referred to in this study by the name

of the quarry from which the stone blocks were received.



Two asphalt cements have been included in major phases of this study.

The properties of the two asphalts studied are shown in Table 4., The

85-100 pen asphalt will be referred to as 1l42-1, 142-A or No. 6688

and the 120-150 pen asphalt will be referred to as either 142-2 or 142-B.

Both asphalt cements were obtained from American 0il Company, Sugar Creek,

Missouri.
Table 4., Properties of asphalt studied
_ Asphalt
# Property A(142-1) B(142-2)
1 Penetration 77/100/5 92 127
2 Sp. Gr. 77/77 1.008 1.024
3 Flash point, °F 600 605
4 Fire point, °F 670 665
5 Softening point, R&B, °F 120 118
6 Viscosity at 1400F, poises 1144 727
7 Viscosity at 770F, poises 3.96 X 106 1,58 X 10
8 Thin film oven test
7% loss 6.10 0,08
Penetration of residue 54 72
% retained penetration 57 53
9 Soluble in C Cl4 99.84% 99.83%
10 Ductility at 77°F, cm 130+ 130+
11 Spot test Negative Negative
12 Percent asphaltenes 17,9 16.93

6




Porosity

The importance of pore size and pore size distribution has been
realized and studied extensively in the case of concrete aggregates.
However, there has been no published data on the study of the pore-size
characteristics of asphalt aggregates and their relationship to the
absorption other than that by Lee.3

The pores in a system may or may not be interconnected. Flow of

interstitial fluid is possible only if at least part of the pore space is

interconnected. The interconnected part of the pore system is called the

effective pore space of the perous medium.

The diagram of two pores is shown in Fig, 2.

_T.'/\L__/\—
PORE 1 PORE 2
INTERCONNECTING
CAPILLARY

Fig. 2. Diagram of rock pores

The pores in rock are pictured as irregularly-shaped cavities con-
nected by capillaries that have varying shapes and diameterse4 The
smallest entrance diameter to a pore is used as the measure of the size
of that pore.

According to Scheidegger,5 the only unambiguous pore size should
be the largest sphere that can be put into the space containing the point

in question,



Generally determined pore characteristics are:

e Porosity. A distinction is frequently made between total porosity
and the part that is interconnected, which is usually called the
effective porosity. In general, any part of the pore space of an
aggregate piece that is completely isélated from the exterior is
not of concern in the question of asphalt absorption, since other
conditions such as density and strength are obviocusly affected as
much by the isolated as by the effective porosity.

® Pore size and pore size distribution. The pore size in terms of
radius or diameter of pore (assumed cylindrical in shape, generally)
is measured, The frequency of each pore siza is also measured to
ascertain pore size distribution.

e Specific surface. Another well-definad geometrical quantity of
a porous medium is its specific internal area, called specific
surface,

Probably the most common method used in casual investigation of
aggregate porosity is to measure the absorption and assume the volume of
water absorbad equals the pore volume, that is, to assume complete satura-
tion. The ASTM test for specific gravity and absorption of coarse aggregate
(C 127) is the method for absorption of coarse aggregates and is straight-
forward except for the question of surface drying. The surface moisture
must be dried from the wet aggregate without removing any water from the
pores, either by evaporation or by capillary attraction into the cloth
used, The result may be termed water permeable or 24 hr soaked porosity.
Dinkle4 obtained vacuum saturated porosity and reported good correlation
between saturated porosity, 24 hr soaked porosity, and mercury intrusion

porosity. The main point with respect to the absorption method as a
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measurement of porosity is that one hardly ever gets complete saturation.6

Washburn and Bunting7 employed the gas expansion method based on
Boyle's law to determine porosity. Isolated voids will be counted as solids
and thus the method measures effective porosity if the sample is not pow-
dered, Beeson8 modified the apparatus and most of the commercially avail-
able equipment is based on this principle,

Porosity can be determined visually on a polished or thin section of
aggregate by measuring void area (pore space) microscopically by various
camera~lucida or photomicrographic methods. Sweet9 has used such optical
methods on aggregates,

Dolch10 determined the effective porosity of limestone aggregates
with the McLeod gauge porosimeter developed by Washburn and Bunting.11
The method gives a value for the effective void volume by causing the head
to be lowered on a dry sample while it is immersed in mercury. The air
in voids expands and leavesthe sample and is then measured volumetrically
at atmospheric pressure., If the bulk volume of the sample is obtained by

the use of shaped pieces, porosity can be calculated,

Pore Size and Specific Surface of the Solids

Parameters of the porous aggregates can be determined by methods
described earlier for peorosity determination, such as microscopic methods,

One of the most effective and frequently used methods of determining
the specific surface of a solid is the sorption method. Brunauer, Emmett
and Teller12 advanced the BET theory for obtaining specific surfaces from
sorption isotherms. Surface adsorption has also been used indirectly to
obtain a curve for pore size distribution. Other methods for determining
pore size and specific surface are small angle x-~ray scattering, heat of

immersion, rate of dissolution, ionic adsorption, and radiocactive and
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13,14 but these have been little used.

electrical methods,
The method most frequently used is that of injection of mercury
into the pore system.l5 This method has been:adopted in the present
study. Washburn16 was the first to suggest Ehe use of pressed mercury
in determining the pore-size distribution of porous solids assuming a

model based on a system of circular capillaries.

The relation developed by him may be stated in the following form
pt = - 20 cos O

where p is the pressure applied, r is the pore radius, O is the surface
tension of mercury, and 9O is the contact angle of the mercury with respect
to the solids,

Ritter and Drake17 put Washburn's conception to practical use and
developed the apparatus measuring the penetration of mercury into pores
down to 200 A in diameter at 10,000 psi covering the so-called macropore
range., The apparatus generally referred to as mercury porosimeter has
been described by Purcell;18

Subsequently, Drake19 utilized a high pressure mercury porosimeter
and made measurements up to 60,000 psi to measure pore radii down to 20 i.
As a result, the mercury penetration methed can, in principle, be used
for practically the whole range of pores of importance in research work.

The method was applied successfully to concrete aggregates by Hiltrop and

Lemish.20

Testing Procedure

Water permeable or 24-hr soaked porosity. The water permeable porosity

was computed by multiplying the percent water absorption by the bulk specific

gravity where both were determined on 1/2 in.diameter rock cores from the
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standard 24 hr soaked procedure as in the ASTM C-127-59 test.

Effective porosity or mercury jintrusion porosity. Effective porosity

is a measure of the permeable or interconnected pores in a rock. It was
determined with mercury capillary apparatus or mercury porosimeter apparatus.
The effective pore volume was the volume of mercury injected intb the rock
core at pressure 2000 psi. The bulk volume was that occupied by the rock
surrounded by mercury at a pressure of 5 psi. In other words, the effective
porosity as defined in this study is the ratio of the interconnected permeable
pores in the pore entry radius range, from 21.32-0.05 i, to the total bulk
volume of particle including pores, expressed as a percentage.

Pore size and pore size distribution., The pore size and its distribution

was determined with mercury porosimeter apparatus manufactured aﬁd distributed

by the Ruska Instrument Corporation, Houston, Texas, under license of the

Shell Development Company. The apparatus and procedure have been described

in detail elsewhere°3’20
The data of the cumulative volume of pores or volume of mercury absorbed

at various applied pressures or corresponding pore radii cam be treated in

various ways; results of the study were:

Data obtained from non-normalized pore size distribution curve, This

curve represents the frequency of occurrence of one particular pore size.

The curve indicates at what size (say r) the greatest number of pores occur,
. 1 . . . s . .

Ritter and Drake 7 derived the equation for a non-normalized distribution

curve

d{Vo - V
D(r) = E X —L__EE__l
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where
D(r) = distribution function
p = applied pressure, psi
r = pore entry radius, microns
(Vo - V) = volume of mercury injected from zero to pressure p,
ce/g
él!EE;_El = glope of (Vo - V) vs pressure determined from pressure-

pore volume curve

All the terms on the right side of this equation are known or deter-
miﬁable. Values of the dexivation are readily obtained by graphical differ-
entiation. Plotting D(x) against r gives the distribution curve, Hiltrop
and Lemish20 also derived an equation for a normalized distribution curve
in which the area under the curve was equated to unity.

Porosity distribution curve. Curves of cumulative porosity vs pore

radius were plotted for all rock cores. The cumulative porosity is the
cumulative pore volume divided by total bulk volume of a particle.

Percent of pore volume distribution curve., Curves of pore volume

expressed as a percent of total pore volume for each aggregate were
plotted as a function of pore radius.

Percent porosity in various pore radius ramnge., The porosity for pores

between certain radii is the ratio of the pore volume in these sizes to the
total bulk volume of an aggregate including pores, expressed as a percentage.
These porosities were determined for the following pore radius ranges (in
microns): 21-11, 21-5, 21-2, 21-1, 11-1, 5-1, 1-0.5, 1-0.1, 1-0.05, 0.1-0,05,
and 0,7-0.05.

Hysteresis in the mercury porosimetry. When the pressure is systematically

released in the mercury-porosimeter, the depressurization curve does not
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follow the original pressurization curve and some of the mercury is

retained in the sample even on complete removal of pressure. The

phenomenon was also observed by Ritter and Drake,17 who attributed the

action to the so-called "ink bottle" shape of the pores. Curves illustrating

hysteresis have been obtained for all rock cores,

Pore properties of rock cores

Water permeable or 24 hr soaked porosity. Results of water permeable

or 24 hr soaked porosity, bulk specific gravity and water absoxption as
determined from ASTM C-127-59 test for 1/2 in. rock cores are given in
Table 5,

Effective porosity or mercuryv-intrusion porosity. This covers the

pore entry radius from 21.32-0,05 . The results are given in Table 6.

Pore size and pore size distribution. Plots were made from the data

of the cumulative volume of pores or volume of mercury absorbed at various
applied pressures or corresponding pore radii, From these the following
graphs were drawn after necessary computations:

Porosity distribution curves. Curves of cumulative porosity (%) vs pore

radius for rock cores are given in Figs. 3 — 8., The cumulative porosity
is the cumulative pore volume divided by total bulk volume of a particle.

Percent of pore volume distribution curves. Curves of cumulative pore

volume expressed as a percent of total pore volume of core vs pore radius
are given in Figs. 9 — 14,

Non-normalized pore size distribution curves. These curves representing

the frequency of occurrence of one particular pore size, as mentioned

earlier, are given in Figs, 15 — 20,
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Table 5, Bulk specific gravity, water absorption,and porosity of rock cores

Bulk ’ 24 hr
Cores specific gravity Water absorption, % soaked porosity
Menlo 2.637 0.90 2,37
Pints 2,271 7.22 16.40
Alden 2,510 1.72 4,32
Linwood 2.636 0.90 2.37
Cook 2.565 2.16 5.54
Keota 2.489 3.12 7.77

Table 6, Porosity in different pore size ranges

Pore size range, Quarry
W Menlo Pints Alden Linwood Cook Keota
21 — 11 0.17 0.12 0.10 0.13 0.17 0.71
21 -5 0.26 0.18 0.28 0.24 0.25 1.52
21— 2 0.36 0.32 0.50 0.32 1.10 2.29
21 -1 0.43 2,30 .12 0.36 7.00 2.68
11 -1 0,26 2.18 1,02 0.23 6.83 1.97
5—-1 0.17 2.12 0.84 0.12 6.75 1.16
1 —-6.5 0.08 6.20 5.28 0,08 5.30 0.22
1-20,1 0.45 12,90 8.29 0.51 10,00 0.97
1L —0.05 .55 14.65 8.48 0.54 10.40 1,98
0.1 —.0.05 0,10 1.75 0.19 0.03 0.40 1.01
0,7 — 0,05 0.52  10.45 5.80 - 0.49 7.20 1.86
21 — 0.05° 0.98 16.88 9.60 0.90  17.44 4,66

a , . .
Mercury intrusion porosity
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Percent porosity in various pore radius range. The porosity between
certain radii, the ratio of the pore volume‘in these sizes to the total
bulk volume of an aggregate including pores, expressed as a percentage,
was determined for the following pore radius ranges (in microns): 21-11,
21-5, 21-2, 21-1, 11~1, 5-1, 1-0,5, 1-0.,1, 1-0.05, 0,1-0.05 and 0.7-0.05.

The last range included in the study was based on six non-normalized
pore size distribution curves which had the range from 0.05 to 0,7 for the
most frequently 6ccurring pore radius.

The above-mentioned porosities are inéluﬁed.in Table 6.

Statistical analysis results. Out of the various pore size ranges,

important ranges indicated later were selected. Linear correlation
coefficients between these main pore properties were determined in order

to study how they vary with each other. The computed correlation coefficients
have been recorded in Table 7.

Pore size ranges in Table 7 were selected on the basis of their
correlation with asphalt absorption. Those with poor or no correlation
were not included. However, an inverse correlation exists between intrusion
porosity and porosity in all pore size ranges (Table 8),

It appears mercury intrusion porosity is mainly dependent upon the
porosities in the following ranges, (in microns) 0.7-0,05, 1-0.05, 1-0.1 and
1-0,5; the porosity inm 5-1, 11-1, 21-2, and 0.1-0.05 ranges have fair
correlations with mercury intrusion porosity and show a general trend.

Based on the determination of 24 hr soaked porosity and mercury intrusion
porosity, the following plots have been made which show good correlations:

24 hr soaked porosity vs mercury intrusion. Correlation coefficient is

0.7093. Menlo and Linwood cores behave almost alike. Cook and Alden cores



Table 7, Linear correlation coefficients between main pore properties

24 hr Mercury
soaked intrusion 0.7-0,05 4 0.,1-0.05 u 1-0,05 w 1-0.1 u 1-0.5 K
Property porosity porosity porosity porosity porosity porosity porosity
24 hr
soaked 1
porosity
Mercury
intrusion 0.7093
porosity
0.7 —0.05 u
porosity 0.7716 0.9553 1
0.1 - 0.05u
porosity 0.9782 0.,5510 0.6510 1
1 —-0.05 n
porosity 0.7405 0.9548 0.9987 0,6128 1
1 -0.1
porosity 0.6733 0.7084 0,989 0.5341 0,9953 1
1 — 0.5y
porosity 0.5664 0.9275 0.9566 0.4188 0.9687 0.9854 1

9z
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Table 8. Relation between mercury intrusion porosity and porosity in other
gize ranges . :

Correlation
# Pore size range, M coefficient Equation for regression line’
1 0.7 — 0.05 0.9553° Y = 0.0101 + 0.5204 X
2 1 —0,05 0.9548b Y =0.7580 X - 0.2747
3 1 -20.1 0.9547b Y = 00,7084 X - 00,4376
4 1 —0.,5 0.927513 Y = 0.3732 X - 0.2786
5 5—-1 0,7823
6 I1-1 0.7610
7 21 -1 G.7315
8 0.1 — 0,05 0.5510
9 21 -5 -0.2717
10 21 — 11 -0.2534
11 21 - 2 -0,0145
A = mercury intrusion porosity
Y = porosity in respective pore size range

bSignificant at 5% level

tend to absorb less water, while Keota and Pints cores absorb more water
as compared to mercury intrusion.

Mercurv intrusion porogity ws 0.7-0.05 M range porosity. Since values of

pore radius r corresponding to maximum value of D{(r) in the non-normalized
pore size distribution curves (Figs. 15-20) range from 0.05-0,7 p, this
range was correlated with mercury intrusion porosity. The correlation is

excellent, correlation coefficient being 0.9553. The equation for regression

line is Y = 0,010l + 0.5204 X

where
X = mercury intrusion porosity, %, and
Y =0.7 — 0.05 U porosity
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Table 7 also indicates that mercury intrusion porosity has the highest
correlation with porosity in this range. In other words, in the cores
studied, mercury intrusion porosity is mainly dependent on this range of
porosity. This is also confirmed by the excellent correlations between
porosity of 1-0.05 and 1-0.1; 1-0,05 and 1-0.5; and 1-0,1 and 1-0.5 pore
size ranges (in microms). It seems porosity in